Abstract. We study a driven granular media in which particles perform inelastic collisions among themselves while they follow brownian dynamics in between collisions. We consider a Boltzmann-type kinetic equation as a model and we analyze the homogeneous regime showing that existence of homogeneous steady states is plausible. We approximate the steady states by a small inelasticity expansion showing they are given by a maxwellian distribution corrected by a Sonine polynomial of fourth degree up to third order in the expansion parameter.
Introduction
In this work, we perform an analysis from a statistical mechanics perspective of the dynamics of perfect spheres of diameter > 0 colliding inelasticaly in a thermal bath of in nite temperature. Because of inelastic collisions we are constantly loosing energy, then we have to include some sort of energy input mechanism to achieve a steady state. Here, we consider that the motion of the particles between collisions is Brownian. The equation of motion can be written down as the Langevin equation where ?(t) is a white noise stochastic force with independent, identically Gaussian distributed processes of variance F, that is, < ?(t); ?(t 0 ) >= 2F (t ? t 0 ).
Regarding the collision mechanism, if (x; v) and (x ? n; w) are the states of two particles before a collision, where n 2 S 2 is the unit vector along the center of both spheres, the postcollisional velocities are found assuming that the total momentum is preserved but they loose part of the normal relative velocity, that is, n (v 0 Therefore, following the standard procedures of kinetic theory 8, 9, 11, 13], we can nd a Boltzmann-Enskog equation for inelastic hard spheres in a thermal bath. This equation reads as @f @t = Q hs (f; f) + L F P f (1.3) where Q hs is the collision operator for inelastic hard-spheres 9, 11] and L F P is the FokkerPlanck operator. This operator takes into account the white noise interaction between collisions and using Ito's stochastic calculus is given by L F P f = F v f : (1.4) In a previous work 7], a simpli cation of the Boltzmann-Enskog collision operator was introduced as an analog to the case of maxwellian molecules in classical elastic Boltzmann equation. Thus, assuming the pseudo-Maxwellian approximation 7], we have that the collision frequency does not depend on the relative velocities but is proportional to the square-root of the kinetic temperature by a constant S. This constant S will be xed in such a way that the energy loss coincides with the one from the hard-spheres collision operator Q hs .
The existence of such a steady state was proved in the one dimensional case for a di erent collision operator in 1] and discussed in 14]; see also 3, 2] . The main aim of this work is to show the possibility of steady states in the homogeneous regime and to nd an approximate expression of these states by expanding around a suitable maxwellian distribution for small temperature dissipation rate. In the 3D hard-spheres case, we were strongly motivated by the numerical simulation in 4] in which the shape of the homogeneous steady state obtained by particle dynamics simulation has been plotted.
The homogeneous Boltzmann equation for inelastic particles under the pseudo-maxwellian approximation in a heat bath is given by @f @t = B( ; t)Q " (f; f) + L F P f (1.5) where We show rst that the possibility of existence of stationary solutions with positive temperature. This is a remarkable di erence with respect to the case of inelastic hard spheres without a thermal background bath in which the only stationary solutions are Dirac deltas, concentrated on their mean velocity. The last section is devoted to nd an approximation to the steady state expanding in the temperature dissipation rate " about a maxwellian distribution with the temperature of the steady state. We nd that up to order on in " 3 the steady state is given by the maxwellian distribution multiplied by a quartic polynomial related to the second eigenvalue of the linearized classical Boltzmann elastic operator. Let us remark that the computation of the second moment without the Fokker-Planck operator was done for isotropic solutions in 7] using Fourier transform techniques. We include here this computation in a di erent way which is valid for general distributions.
Evaluating the weak formulation of the equation for the test function jv?uj 2 we deduce (1) . In this sense we can say that the steady states are self-similar solutions.
Let us also nally point out that the dependency on of 1 ( ) (2.11) and the relation (2.12) for G = 1 coincides with the one dimensional granular media models developed in 1, 2]. In fact, the pressure P = 1 ( ) ' 1=3 for G = 1 was also obtained in 1, 2, 14].
3. An approximation formula for the steady state
Assuming the existence of a steady state solution f s ;u we shall perform a small inelasticity expansion and a linearization of the operator to compute a small inelasticity approximation of this steady state. Without loss of generality, we take unit density and zero mean velocity and we focus on an expansion of f s since using (2.12) we produce an Since the integration with respect to k on S 2 comes through then the integral of the term v k vanishes. Returning to (v; w) coordinates and taking into account v V = To nish we come back to (3.24), take into account (3.28) and the previous results for the eigenvalues of the operators to nd out that Now, we use the self-similar relation (2.12) to obtain the main result of this paper. 
